Objective: We aimed to investigate the long-term seizure outcome of children and adolescents who were undergoing epilepsy surgery in the parietooccipital cortex and determine their predictive factors. Methods: We retrospectively analyzed the data of 50 consecutive patients aged 11.1 (mean) AE 5.1 (standard deviation) years at surgery. All patients but one had a magnetic resonance imaging (MRI)-visible lesion. Resections were parietal in 40%, occipital in 32%, and parietooccipital in 28% cases; 24% patients additionally underwent a resection of the posterior border of the temporal lobe. Etiology included focal cortical dysplasia in 44%, benign tumors (dysembryoplastic neuroepithelial tumor, ganglioglioma, angiocentric glioma, and pilocystic astrocytoma) in 32%, peri-or postnatal ischemic lesions in 16%, and tuberous sclerosis in 8% cases. Results: At last follow-up (mean 8 years, range 1.5-18 years), 60% patients remained seizure-free (Engel class I): 30% had discontinued and 20% had reduced antiepileptic drugs. Most seizure recurrences (71%) occurred within the first 6 months, and only three patients presented with seizures ≥2 years after surgery. Independent predictors of seizure recurrence included left-sided as well as parietal epileptogenic zones and resections. Longer epilepsy duration to surgery was identified as the only modifiable independent predictor of seizure recurrence. Significance: Our study demonstrates that posterior cortex epilepsy surgery is highly effective in terms of lasting seizure control and antiepileptic drug cessation in selected pediatric candidates. Most importantly, our data supports the early consideration of surgical intervention in children and adolescents with refractory posterior cortex epilepsy. KEY WORDS: Refractory epilepsy, Parietal, Occipital, Focal cortical dysplasia, Glioneuronal tumors.
Posterior cortex epilepsy surgery, involving the occipital and/or parietal lobe and sometimes extending to the posterior border of the temporal lobe, accounts for 10% of focal resections for pharmacoresistant epilepsy in pediatric cohorts. 1 Recent advances in diagnostic and surgical techniques have fueled major improvements in seizure outcomes that rose from 43% to 47% in the 1990s 2, 3 to 61-75% in the past decade. 4, 5 Despite this positive development, the current literature relevant to the pediatric population undergoing posterior cortex resections is sparse. Reported seizure freedom varies widely, with only three studies attempting to identify predictors of seizure freedom. [5] [6] [7] Moreover, the reported predictors are contradictory, especially regarding time variables. In the largest pediatric cohort to date, 7 older age at epilepsy onset was predictive of seizure freedom in the presence of a restricted and fully resectable epileptogenic zone. In contrast, younger age at surgery (<18 years) 8 as well as shorter epilepsy duration 9 correlated with superior seizure outcome in mixed adult and pediatric cohorts. Additional predictors of seizure freedom in these cohorts included strictly regional epileptic discharges 10 and/or seizure onset 11 on scalp electroencephalography (EEG), underlying tumoral or dysplastic etiology, 8, 10, 12 as well as strictly parietal lesionectomy. 8 The applicability of these results to solely pediatric populations is unclear, especially concerning the potentially modifiable time variable of epilepsy duration to surgery. This point warrants attention, considering the risk of secondary epileptogenesis and, most importantly, the detrimental effects of epileptic discharges, continuing seizures, and antiepileptic drugs (AEDs) on developmental trajectories.
In this study, we investigated the long-term seizure outcome of children and adolescents who underwent resective surgery for refractory posterior cortex epilepsy in the Epilepsy Center Freiburg in order to determine the predictive factors. This should facilitate the selection of pediatric candidates and the choice of the appropriate time window for surgical intervention.
Patients and Methods

Patients
We retrospectively reviewed the medical records, findings of presurgical evaluation, surgical procedures, and outcomes of 50 children and adolescents that underwent resective surgery for refractory posterior cortex epilepsy at the Epilepsy Center Freiburg in 1997-2014. Patients were assessed according to a standard protocol [13] [14] [15] [16] and followed for at least 1 year after surgery.
Presurgical evaluation was performed in the cooperating Epilepsy Centers of Kork (n = 19), Heidelberg (n = 19), Freiburg (n = 11), and Kiel (n = 1), including comprehensive medical history, full neurologic examination, long-term scalp video-EEG recordings, neuropsychological investigations, and high-resolution magnetic resonance imaging (MRI) in all patients. Interictal positron emission tomography (PET) scans were performed in 17 and ictal single-photon emission computed tomography (SPECT) scans in four patients. For language lateralization, functional MRI (fMRI) was performed in six and Wada test in three cases. Preoperative data were reviewed in a multidisciplinary meeting before proceeding to invasive procedures or directly to surgery.
Presurgical and postsurgical EEG findings
In presurgical scalp EEG recordings, interictal epileptiform discharges and ictal patterns were classified as (1) regional, involving the parietal and/or occipital lobe and the posterior temporal lobe, or (2) nonregional, extending beyond the posterior cortex or even involving both hemispheres. In cases of multiple ictal EEG patterns including diffuse and nonlateralized discharges, EEG findings were classified as nonregional.
Postsurgical scalp EEG recordings were classified according to the presence or absence of epileptic discharges.
Presurgical and postsurgical MRI findings
The presurgical and all consecutive postsurgical 1.5 or 3T MRI scans of all 50 children, including T 1 -weighted, T 2 -weighted and fluid-attenuated inversion recovery (FLAIR) sequences were retrospectively reviewed as to the following: (1) the presurgical radiologic features of the lesions and (2) the postsurgical evidence for residual lesion. The lesions were divided according to anatomic landmarks into parietal, occipital, or parietooccipital, and including the posterior border of the temporal lobe or not.
Surgical procedures
Resective surgery aimed at removing both the entire lesion (n = 49) and the associated epileptogenic zone. In cases (n = 19) with ictal semiology and scalp EEG findings [17] [18] [19] consistent with a corresponding lesion with clear margins outside of eloquent cortex, the lesion was considered as the epileptogenic zone, that is, the area to be resected in order to render the patient seizure-free. 20 In cases (1) with electroclinical data inconsistent with the corresponding lesion, (2) with a lesion in the vicinity of eloquent cortex, or (3) with a lesion with blurred margins, the epileptogenic zone was defined by long-term intracranial or intracerebral EEG recordings (n = 13) or intraoperative electrocorticography (ECoG) (n = 19). Subtotal resection was intentionally undertaken when the lesion overlapped with functionally eloquent brain areas, as verified by fusion with presurgical fMRI, intracranial or intracerebral stimulation studies, and intraoperative evoked potentials, when applicable. In four cases, reoperation was required due to seizure Key Points • Posterior cortex epilepsy surgery is highly effective for lasting seizure control and antiepileptic drug cessation in selected children and adolescents
• Left-sided as well as parietal epileptogenic zones and/ or lesions relate to significantly higher rates of seizure recurrence
• Longer epilepsy duration reduces the chance of sustained postsurgical seizure freedom, thus supporting early surgical intervention recurrence. Epilepsy substrates were ascertained by histopathology. 21 Acute postsurgical seizures were defined as acute seizures occurring within the first postoperative week.
Postsurgical follow-up
Following surgery, patients were routinely evaluated at 3, 6, 12, and 24 months and then yearly or at appropriate intervals in case of seizure recurrence. The routine scalp EEG studies and high-resolution MRIs obtained 3 months after surgery in all patients were considered in our analysis.
Seizure outcomes
Seizure outcomes were portrayed according to Engel. 22 In patients with acute postsurgical seizures, the timing of the first seizure occurring beyond the first postoperative week was considered as the timing of recurrence. Postoperative withdrawal of AEDs commenced between 6 months and 2 years after successful epilepsy surgery, according to patient characteristics and local practice in each of the four cooperating epilepsy centers.
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Statistical analysis
We assessed the relations between seizure outcome and clinical variables with possible predictive value, as reported in previous studies 5, [7] [8] [9] [10] [11] [12] (Tables 1 and 2 ). The use of longterm intracranial or intracerebral EEG recordings or of intraoperative ECoG was not included in this analysis, since it was considered a nonbiologic variable based on subjective decisions. Descriptive statistics were used for each variable. The data were analyzed using the Mann-Whitney U-test and the Fisher's exact test to identify potential predictive factors. Logistic regression analysis with backward elimination was performed exclusively for presurgical variables, since these routinely serve for presurgical counseling. In this step, only variables with p ≤ 0.20 in the univariate analysis were included. Kaplan-Meier survival analysis was first used to determine the probability of seizure freedom over time in 
Results
Presurgical evaluation
Medical history
Our cohort consisted of 20 female and 30 male children and adolescents aged 0.6-17.9 years at surgery. Age at seizure onset was 0-14.7 years; in 12 (24%) children, epilepsy manifested in the first year of life. The epilepsy duration to surgery was 0.4-17.9 years (Table 2) . At surgery 37 patients (74%) had daily seizures, 28 (56%) presented secondary generalized tonic-clonic seizures, and 5 (10%) had a history of convulsive status epilepticus. Patients had failed 2-15 AEDs (mean 5) prior to surgery. Four patients additionally received steroid therapy and one, the ketogenic diet.
Presurgical EEG findings
In scalp recordings, interictal and initial ictal EEG discharges were regional in 17 (34%) and 27 (54%) of cases, respectively ( Table 1 ). The epileptogenic zone was further delineated by long-term subdural or intracerebral EEG recordings or by intraoperative electrocorticography (ECoG) in 13 and 19 cases, respectively; one patient underwent both extraoperative and intraoperative ECoG.
Presurgical MRI findings
Twenty-four cases (48%) were indicative of focal cortical dysplasia (FCD), three featuring a transmantle sign and 17 (30%) of glioneuronal tumor (ganglioglioma or DNET [dysembryoplastic neuroepithelial tumor]), with two combining features of both tumor and FCD. Seven cases (4%) cases were indicative of perinatal or later ischemic lesions, featuring FCD signs in one case. Four cases (8%) presented a tuberous sclerosis. In a single patient, MRI was negative for structural lesions. The lesion localization in the 49 MRI-positive cases was classified as parietal in 21, occipital in 16, and parietooccipital in 12 and additionally involving the posterior border of the temporal lobe in 18. Lesions extended beyond the posterior cortex in six cases, including two cases of tuberous sclerosis.
Surgical procedures and early postoperative course
The procedures comprised 16 (32%) occipital, 20 (40%) parietal, and 14 (28%) parietooccipital resections. Twelve patients (24%) additionally underwent a resection of the posterior border of the temporal lobe, combined with a parietal resection in two, an occipital in seven, and a parietooccipital resection in three cases. Twenty-seven resections (54%) were left-sided. Two patients underwent invasive video-EEG recordings exclusively with depth electrodes and 11 with subdural electrodes with/without additional depth electrodes. In 12 of 19 cases, the use of ECoG resulted in an extension of the originally planned resection. The only surgical complication was an acute intraoperative infarction in a patient with a parietal resection guided by intracerebral EEG recordings. Acute postsurgical seizures occurred in 11 cases (22%).
Histopathology confirmed the presence of FCD in 21 cases (42%), including 4 cases associated with perinatal ischemic lesions. FCD was classified as type 1 in eight cases, two associated with perinatal ischemic lesions. In the only MRI-negative patient, histopathology revealed an FCD type 1. It should be noted that three of six patients with pure FCD type 1 underwent long-term invasive EEG recordings and another two underwent intraoperative ECoG recordings in order to delineate the epileptogenic zone, since the lesion margins were poorly demarcated in MRI. FCD was classified as type 2 in 13 cases, two associated with perinatal ischemic lesions. It should be noted that all three patients featuring a transmantle sign harbored an FCD type 2. In five cases with MRI pointing to FCD, histopathology showed only a gliosis. Sixteen patients (32%) were diagnosed with benign tumors, including 10 DNETs, four gangliogliomas, one angiocentric glioma, and one pilocystic astrocytoma. In all four patients with tuberous sclerosis, histopathology identified cortical tubers. Polymicrogyria was found in four of seven cases with perinatal or postnatal ischemic lesions. Four patients (8%) underwent repeat surgery due to persistent or recurring seizures, including an extension of the original posterior cortex resection in two cases of FCD and/ or glioneuronal tumor.
Postsurgical EEG and MRI findings
In postsurgical scalp EEG recordings, interictal discharges were noted in 22 children (44%). In postsurgical imaging, a residual lesion was evident in 26 children (52%), including all 4 cases of tuberous sclerosis and 5 of seven cases of ischemic lesions (Table 1) .
Presurgical and postsurgical neurologic findings
Prior to surgery, eight patients had a visual field deficit, including three patients with hemianopia and five patients with quadrantanopia. Seven patients presented a motor deficit, including five patients with hemiparesis and two with motor neglect. Of the 42 patients older than 4 years at surgery, 34 had left and 6 had right hemispheric dominance for language, whereas 2 had bilateral representation.
Following surgery, 17 patients had novel visual field deficits, including 12 patients with hemianopia and 5 with quadrantanopia; these patients had undergone occipital lobe resections in all but one case. Two patients presented a novel motor deficit after a parietal lobe resection that was permanent in one.
Seizure outcome
At 3 months follow-up, 35 children (70%) were seizurefree (Engel class I), 11 (22%) had marked seizure reduction (Engel class II), and only 4 had little or no improvement (Engel class IV). In the long-term follow-up of 1.5-18.0 years (mean 8, SD 4.9), 30 patients (60%) remained seizure-free (Engel class I), 15 (30%) had marked seizure reduction (Engel class II), 3 showed minor improvement (Engel class III), and only 2 showed no response to surgical treatment (Engel class IV): 15 (30%) had discontinued and 10 (20%) had reduced AEDs. Of the 30 patients with an Engel class I outcome, 27 were completely seizurefree after surgery (Engel class Ia), 2 had some disabling seizures after surgery, but were completely seizure-free for >2 years at last follow-up (Engel Ic), and one patient had a generalized seizure related to malcompliance with abrupt AED discontinuation (Engel class Id), but remained seizure-free for >2 years following this incident.
Sixteen (67%) of 24 seizure recurrences occurred in the first 6 months and only two presented >2 years after surgery (Fig. 1A) . Semiology of recurrent seizures was unchanged or only slightly modified in all cases. Two of four patients undergoing repeat resections for persistent or recurrent seizures remained seizure-free in long-term follow-up.
Of presurgical variables, a left-sided epileptogenic zone and/or lesion was associated with significantly lower rates of seizure freedom in univariate analysis (Table 1) , with lateralization remaining statistically significant in multivariate analysis (Table 3 ; Fig. 1B ). Although this observation did not reach statistical significance in univariate analysis, it should be noted that 13 of 16 patients with (Table 1) , and all but one of nine with strictly occipital resections, remained seizure-free. The parietal localization of the epileptogenic zone and/or lesion constituted an additional presurgical predictor of seizure recurrence in multivariate analysis (Table 3 ; Fig. 1C ). Of interest, only 3 of 12 children and adolescents >4 years at surgery with a left hemispheric dominance and involvement of the left parietal lobe in the epileptogenic zone remained seizure-free (p = 0.007). Finally, longer duration of epilepsy to surgery-but not age at surgery-was an independent predictor of seizure recurrence in multivariate analysis (Table 3 ; Fig. 2) . Seven (88%) of eight patients with epilepsy duration up to 2 years were seizure-free, compared to 23 (55%) of 42 with longer epilepsy duration.
Of postsurgical variables, neither epileptic discharges in postsurgical EEG nor residual lesions in postsurgical MRI were related to significantly higher rates of seizure recurrence in univariate analysis ( Table 1) . As expected, the completeness of resection of the epileptogenic zone was related to significantly higher rates of seizure freedom (p = 0.02).
Discussion
In this study, we investigated the seizure outcome in 50 children and adolescents who underwent resective surgery for refractory posterior cortex epilepsy and determined their predictive factors. To the best of our knowledge, this constitutes one of the largest pediatric cohorts undergoing posterior cortex epilepsy surgery with the longest follow-up to date, enabling us to delineate the long-term impact of distinct predictors on seizure freedom.
Seizure outcome
Our findings confirm the significant improvement of seizure outcomes compared to historic pediatric cohorts with 43-47% seizure freedom over 20 years ago. 2, 3 This may be at least partly attributed to the recent advances in neuroimaging, with the percentage of MRI-negative patients dropping from 13% to 5% in the last decade. In our study, all patients but one had an MRI-visible lesion. The 60% rate of long-term seizure arrest in our study is in line with the 56-61% rates reported for pediatric cohorts of posterior cortex epilepsy surgery dating from the same time period. 5, 6 This is particularly encouraging, since these favorable outcomes remained stable in the considerably longer mean follow-up of 8 years and despite the AED discontinuation in one third of our cohort. The high overall rate (50%) of AED tapering together with the longer follow-up may account for the lower rate of seizure freedom in our cohort compared to a recent pediatric study. 7 Early AED withdrawal following pediatric epilepsy surgery may unmask incomplete surgical success sooner. 23 However, this policy is crucial for preventing unnecessary AED continuation in children who may benefit significantly in terms of cognition by the cessation of AED adverse effects at critical stages of brain development. 24 
Predictors of seizure outcome
In our study, we showed that left-sided posterior cortex resections independently predict seizure recurrence. This is not surprising, since the proximity to eloquent cortex inevitably poses considerable restraints for resections performed in the dominant hemisphere. Our observation mirrors recent studies of frontal lobe epilepsy surgery 25, 26 that identified epileptogenic-zone lateralization as a significant predictor of seizure freedom. This predictor had neither been investigated in pediatric cohorts nor confirmed in mixed adult and pediatric cohorts undergoing posterior cortex epilepsy surgery so far. 8, 9 The negative effect of a left-sided epileptogenic zone on long-term seizure freedom in our cohort was particularly evident in the subgroup of children >4 years of age. This highlights the positive effect of younger age at surgery that may be attributed to the benefits of brain plasticity in compensating for neurologic deficit, thus permitting more radical resections. 15 In contrast, incomplete resections in the vicinity of eloquent cortex may be dictated by the fear of functional deficit in older children. 14 Our findings corroborate the significance of distinct epileptogenic-zone localizations within the posterior cortex for postsurgical seizure freedom. At last follow-up, half of patients who underwent parietal resections experienced seizure recurrence, as opposed to only 19% of patients who underwent occipital resections. This finding substantiates the previously reported trend for superior seizure outcomes following (parieto-or temporo-) occipital resections in a pediatric 7 as well as in a mixed pediatric and adult 8 cohort of posterior cortex epilepsy surgery. The comparably lower success rates of (parieto-or temporo-) parietal resections may reflect a more conservative surgical strategy arising from fear of injury to the eloquent cortex of the postcentral or dominant angular and supramarginal gyrus. Again, this highlights the overlapping of the epileptogenic zone and/or lesion with eloquent cortex as a major obstacle in achieving seizure control. 14 Our main novel finding is the prognostic implication of epilepsy duration, specifically in children and adolescents, on long-term seizure outcomes. To our knowledge, this is the first study to provide evidence of the negative impact of longer epilepsy duration on seizure outcome in a strictly pediatric population undergoing resective surgery for refractory posterior cortex epilepsy. This observation has been reported for a mixed pediatric and adult population undergoing posterior cortex resections, 9 but it had not been replicated in a strictly pediatric cohort to date. In children and adolescents, the negative effect of longer epilepsy duration on seizure arrest has been, however, previously identified in extratemporal epilepsy surgery. 27 This effect may be related to a progressive establishment of epileptogenic networks in the immature brain over time, culminating in secondary epileptogenesis. The identification of the appropriate time of intervention in children and adolescents is apparently of great importance, since it concerns a potentially modifiable factor. Beyond seizure freedom, shorter latency to surgery in pediatric populations provides optimal opportunities to avert the damage caused by seizures and AEDs on the developing brain, 28 thereby enabling the postsurgical resumption of developmental trajectories. Other time variables identified as predictive of seizure freedom in past studies, such as age at epilepsy onset 7 or age at surgery, 5, 6 did not correlate with superior seizure outcomes in our cohort.
Furthermore, the complete resection of the epileptogenic zone in our study correlated with seizure freedom, in accordance with a recently published large pediatric cohort. 27 In contrast to findings from mixed adult and pediatric cohorts, strictly regional epileptic discharges 10 and/or seizure onset 11 in scalp EEG as well as underlying tumoral or dysplastic etiology 8, 10, 12 were not identified as predictors of seizure freedom in our study.
Limitations
In our statistical analysis, we did not refer exclusively to Engel class Ia as a favorable outcome, but also considered patients with Engel class Ic and Id as having a favorable outcome, since all of these patients (n = 3) had been seizurefree for >2 years at last follow-up.
The main limitations of this study arise from the inherent biases of its retrospective, institution-specific design. However, our results derive from a rather homogeneous group in terms of patient age and epilepsy duration. Furthermore, our inclusion period spans the last 17 years in a tertiary epilepsy center and is thus expected to enhance the applicability of our findings to contemporary cohorts. A prospective randomized study evaluating the relation between timing of posterior cortex epilepsy surgery and seizure outcome would be optimal. However, this study design is unrealistic due to the low prevalence of this particular subgroup within the spectrum of pediatric epilepsy surgery. Even more important, postponing epilepsy surgery in clearly appropriate candidates would not be possible, due to ethical considerations.
Conclusions
Our study demonstrates that posterior cortex epilepsy surgery is highly effective in terms of lasting seizure control and AED discontinuation in selected pediatric candidates, whereas left-sided as well as parietal epileptogenic zones and/or lesions correlate with higher rates of seizure recurrence. In this context, longer epilepsy duration was identified as the only modifiable predictor of seizure recurrence, thus supporting the early consideration of surgical intervention in children and adolescents with refractory posterior cortex epilepsy.
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